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ABSTRACT
In this paper, the design geogrid/geotextile reinforced retaining walls are summarized. Design of geosynthetics reinforced walls
includes internal and external stability analyses. Seismic analyses also considered for design of geosynthetics reinforced walls. Many
designers do not have all of the tools required to complete all of the components of the stability analysis for site conditions. Most
current geosynthetics reinforced soil retaining wall design software products do not address all of the components of the stability
analysis. This paper is directed towards researchers, practitioners, and regulators, and gives guidance for future research and
development of codes for reinforced soil walls.

INTRODUCTION
The concept of reinforced earth technology developed by
French engineer and architect Henri Vidal in 1969.Sinse the
introduction of reinforced earth concept, various reinforced
soil configuration have been developed .The first reinforced
earth was constructed in France in 1966.In 1972,the first
U.S.Wall of this kind was constructed over a major landslide
on U.S.highway ,39. This walls were built with metal strips for
their reinforcement and with “select gravel backfill. Through
out its 17 year life, this patent was vigorously defended,which
limited the understanding and development of the reinforced
walls by U.S.engineers. With the expiration of Vidal’s patent
in 1986, the full commercial potential of soil reinforcement
was possible. Due to the long term susceptibility to corrosion
and relatively high cost of metallic reinforcement,
geosynthetic polymeric materials such as geotextiles and
geogrids are now being widely used as reinforcing materials.
The geosynthtic materials are more extensible and more
susceptible to creep than are metallic materials.
Therefore geosynthetic reinforced soil walls were used in
North America in 1974 for supporting logging roads. The use
of the geosynthetics reinforced retaining walls were realized
with the introduction of geogrid soil reinforcement in 1982
and subsqently the introduction of segmental retaining walls
are routinely used on private land development projects. The
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various recent guidelines are documented by Elias and
Christopher 1997, FHWA, 1997 and AASHTO 1997.

REINFORCED SOIL WALL SYSTEMS

1) Reinforced soil zone:
This zone is comprised of an infill soil containing
horizontal layers of geogrid reinforcement. The
reinforced may be acted upon by uniform surcharge
loading, q and/or be inclined at slope angle β

2) Geogrid reinforcement
The high strength geogrid incorporated within the
reinforced zone to create a composite soil/geogrid
mass that acts as gravity structure.

3) Drainage fill
This is generally placed behind, within and beneath
wall facing units to collect free water and prevent
build up of hydrostatic pressure.
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•
4) Foundation Soil
The soil is just beneath the base of the reinforced
zone. The drainage will be placed within foundation
soil to a blanket drain or permeable level base for
wall facing units.

5) Soil
The cohesion less free draining materials are
preferred. Some soil with high percentage of fines
and low plasticity may be used with proper drainage
conditions.
6) Facia

Various methods are currently used to provide the facing of
geogrid reinforced soil walls.
1. Articulated precast concrete panels.
2. Full height precast concrete panels.
3. Gabion facing
4. Timber facing
5. Hollout (and solid) precast concrete units
6. Wrap-around facing
7. Welded wire mesh facing
DESIGN BASICS
The design of geosynthetic reinforced soil retaining walls
traditionally has followed these steps:

Step 1. Establish design limits, Scope of project and external
loads

e)
f)

Step 2. Determine Engineering properties of foundation soil.
a)

Determine the soil profile below the base of the
soil.
b) Determine the foundation soil strength
parameters ( Cu, φu, C’ and φ’) unit weight (γ),
consolidation parameters (Cc, Cr, Cv and σ’p) for
each foundation stratum.
c) Establish location of ground water table. Check
need for drainage behind and beneath the wall.

Step 3. Determine the backfill properties for both reinforced
zone and random backfill

It is the soil structural element directly connected to
geogrid reinforcement placed in front of the
reinforcement zone to permanently contain the soil.

a)
b)
c)
d)

Chemical nature of backfill and seepage
water ( e.g. PH range, Chlorides,
Sulphates, Chemical solvents, Diesel
fuel and other Hydrocarbon etc.

Wall height, H
Wall length, L
Face batter angle β
External loads
• Temporary live loads, q
• Surcharge loads, q
• Seismic loads, αg
Spacing requirements, S. Maximum 1.5 ft for
geotextile wrapped faced walls.
Consider environmental considerations.
• Drainage
• Seepage
• Rainfall runoff
• Frost action
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a)
b)

c)
d)

Water content, gradation and plasticity
Compaction characteristics, dry unit weight γd,
optimum water content, Wopt or relative
density.
Angle of internal friction, φr,
PH, chlorides, oxidation agents etc.

Step 4. Establish design factor of safety ( minimum)
a) External Stability
• Sliding: FS ≥ 1.5
The width (L) of the reinforced zone must be greater enough
to ensure an adequate shear capacity along the base of the
reinforced zone to prevent sliding of the composite structure
along its base. The horizontal driving forces due to the backfill
selfweight and any surcharge loading acting at the surface of
the backfill behind the reinforced soil zone.
• Overturning: FS ≥ 2.0
The reinforced soil zone must be of sufficient soil mass to
prevent the reinforced soil zone from overturning about the toe
of the wall.
• Bearing capacity: FS ≥ 2.0
The shear strength of the underlying foundation soil must not
be exceeded. The factor of safety against foundation failure
can be determined using conventional geotechnical bearing
capacity theory and assuming that the reinforced soil mass acts
as a flexible; strip footing subject to eccentric loading.
• Deep seated stability(global/overall) FS ≥1.3
Potential global failure mechanism should be considered in the
design of reinforced soil walls. Global instability may be
associated with potential failure surface passing through the
backfill soil and into the foundation soils beyond the limit of
reinforced soil zone. Therefore, it is prudent to perform this
global analysis prior to undertaking detailed wall calculations.
In most cases these analyses can be carried out using
conventional slope stability methods of analyses as given
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standard geotechnical engineering text books (Terzaghi and
Peck, 1967 and NAVFAC, 1982).
• Settlement
The design method requires a check against unacceptable
foundation settlement. Estimates of foundations settlement can
be incorporated into geotechnical investigations for the wall.
One of the key technical advantage of geogrid reinforced soil
wall is its ability to tolerate large differential settlements.
• Dynamic loading: FS ≥ 1.1 or greater, depending on local
codes.
b) Internal stability
• Determine the design tensile strength of
reinforcement.
Internal stability of a geosynthetic reinforced soil
wall is performed to quantify required strength and
vertical spacing of the geosynthetic reinforcements. A
safe, long-term allowable design strength (LTADS)
of the geosynthetic reinforcement needs to be
quantified for this analysis.
• The current FHWA(Elias and Christopher 1997)
and AASHTO (1997) guidelines present the
following equations for quantifying LTADS.

LTADS =

TULT − MARV
RF × FS

(1)

where,
RF= product of applicable reduction factors (i.e.
RF=RFCRXRFDXRFID), with a minimum value of 1.1
for both RFD and RFID and with RFCR basd upon
creep rupture and FS minimum of 1.5 is
recommended.

Slope in front of wall

Minimum D
leveling pad

Horizontal walls
Horizontal(abutments)
3H:1V
2H:1V
3H:2V
Minimum in any case is 1.5ft.

H/20
H/10
H/10
H/7
H/5

•
•
•
•

Calculate the maximum acceleration αmg in the
wall.
Determine the inertia force in the resisting zone.
Calculate in each reinforcement layer the
dynamic force increment.
Check the stability with respect to breakage and
pullout.

Step 7. Determine wall embedment depth.
Minimum embedment depth ‘D’ at the front of the wall
recommended by AASHTO-AGC-ARTBA Task Force is as
follows:-

of

The calculation steps to ensure adequate factor of safety
against external and internal stability of geogrid reinforced soil
wall are presented here. Global stability of the structure must
be analyzed with the overall site conditions and soils.
External and internal stability calculations are carried out
independent of facia type or batter. The facia is assumed to be
vertical although in practice a small batter is used for aesthetic
reasons and/or ease of construction.

Step 9. Determine dynamic earth force
Calculations of dynamic earth forces
The Monobe-Okab(M-O) earth pressure theory is
adopted to calculate dynamic active earth forces. The dynamic
active earth forces PAE imparted by the soil mass acting at the
back of the planar retaining wall structure is calculated by

Step 5. Determine preliminary wall dimensions.

Step 6. Check the internal seismic stability

top

Step 8. Design procedure for external and internal stability.

PAE =
For the first trial section to be analyzed, assume that
the length of the reinforced section L = 0.7H.

to

1
(1 ± K V )K aeγH 2
2

(2)

where,
Kv= vertical seismic coefficient
γ = The unit weight of the soil
H = The height of the inclined surface against which PAE acts
KAE = The M-O active dynamic earth pressure coefficient
K AE =

Cos 2 (φ + ϕ − θ )

⎡
CosθCos ϕCos (δ − ϕ + θ ) ⎢1 +
⎢⎣
2

Sin(φ + δ ) Sin(φ − β − θ ) ⎤
⎥
Cos (δ − ϕ + θ )Cos (ϕ + β ) ⎥⎦

2

(3)

where,
φ = the angle of internal friction of the retained soil.
ϕ = the wall friction angle from vertical (typically 3-150 for
segmental retaining walls).
δ = mobilized friction angle at the interface between retaining
structure and retaining soil.
β = the backslope angle ( from horizontal) and
θ = the seismic internal angle.
= tan

−1

Kh
1± Kv

(4)

where,
Kh = horizontal seismic acceleration coefficient
Kv = Vertical seismic acceleration coefficient.
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The choice of the negative or positive values
will depend on the magnitude of dynamic forces. The
vertical component of seismic (internal) body force
acts upward (-kv) This case has been shown to
produce the most critical factors safety for horizontal
sliding mechanisms of failure for typical reinforced
segmental retaining walls subjected to seismic
loading. The vertical seismic force is assumed to act
upward when kv ≠ 0.0. The conservative design, kv =
-2/3 kh. The admissive range of interface friction
angle is 0 ≤δ≤φ in the coulomb wedge analysis.
The total active force PAE is the summation of the
static force PA and the incremental (dynamic) earth
force ∆Pdyn due to seismic effects. Hence,
PAE = PA + ∆Pdyn
(5)
Or
(1-kv)Kae = kA + ∆Kdyn
(6)
where,
kA = the static earth pressure coefficient
∆Kdyn = the incremental dynamic active earth
pressure coefficient.
The dynamic earth force, PAE acts outwards and is
inclined at an angle of (δ-ϕ) from the horizontal.
The normalized point of application of the total earth
pressure is a function of magnitude of dynamic
increment and varies over range 1/3 ≤m≤ 0.6, where
m is the ratio of moment arm of dynamic force to
wall height.
There is no consensus view on how to select a design
value of kh in pseudostatic earth pressure
calculations.The values of kh =0.05 to 0.15 is
considered for design of conventional gravity wall
structures. In practice, the selection of kh for design is
based on engineering judgement, experience, and in
some instances, local regulations.

Fig. 1 Earth Pressure vs. depth with surcharge load
for geogrid

RESULTS
A computer aided design (CAD) has been developed
for designing the geotextile/geogrid reinforced
retaining walls. A plot of maximum earth pressure
distribution along the facing is given in Figs. 1 and 2.
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Fig. 2 Relationship between the earth pressure vs
depth wheel load using geogrid
The variation of the maximum spacing with depth is
given in Figs. 3 and 4.
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and fast calculation method for the proper design of
geosynthetics (geotextiles/geogrids) reinforced soil
retaining walls.

Fig. 3 Comparison between lift thickness and depth
for static and dynamic case of geotextile

Fig. 4 Comparison between lift thickness and depth
for static and dynamic case of geogrid
The levels of the geogrid layers can be chosen from
the articulated precast concrete panels dimensions
and connection configurations. As the soil is placed
and compacted in lifts of predetermined thickness the
vertical spacing can be chosen, whenever possible, as
a multiple of lift thickness. The total length vs. depth
for geogrid and geotextile is shown in Figs. 5 and 6
respectively.

Fig. 5 Total length vs. depth for geogrid

The design charts for geogrid and geotextile are
shown in Figs. 7 and 8 respectively.

SUMMARY
The geosynthetic wall design would be very time
consuming task on the part of design engineer.
Therefore it would be appropriate to develop design
guides by systematically varying certain parameters
in analysis (e.g. height of wall and slope angle of wall
face). Several innovative design graphs can be
generated, an example of which is shown in Fig. 7
using geogrid and Fig. 8 using geotextiles. Graphs for
different geosynthetic could be similarly developed
or the type of loading could be included as separate
variable. The paper proposes the outline of a simple
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Fig. 6 Total length vs. depth for geotextile
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Fig. 7 Design chart of geogrid
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Fig. 8 Design chart of geotextile
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